Background: objectively measured population physical activity (PA) data from older persons is lacking. The aim of this study was to describe free-living PA patterns and sedentary behaviours in Icelandic older men and women using accelerometer.
Introduction
Physical activity (PA) is an important indicator of health [1] and overall PA level decreases with age [2] . In old age, low PA has been linked with reduced physical functioning, such as mobility limitation [3] , which is one of the most important factors in maintaining an individual's independence [4] . Sustained PA over the lifespan has been shown to have protective effects on mobility, even in those who start participating in PA at a later stage in life [5] .
In epidemiological studies, PA has often been assessed by self-report measurements. Self-reports can be helpful but tend to overestimate true PA and underestimate sedentary time [6, 7] . Light PA is the most difficult intensity category to recall or remember accurately [8, 9] . However, light PA is the most common intensity category for the activities in which older adults engage [7, 10] . Although other measures exist for assessing overall energy expenditure (doublylabelled water) and for the assessment of activity type and context (surveys and diaries), accelerometers are useful tools to explore patterns of PA objectively in terms of the elemental characteristics such as intensity, duration and frequency [11, 12] . Accurate assessments of PA levels and patterns, using objective portable activity monitors ( pedometers and accelerometers), have been shown to be sensitive and feasible for measuring general activity patterns in older adults [13] . Although the accelerometer has been used extensively to assess PA in other age groups [2] , it has been sparsely utilised in older populations.
The AGES-Reykjavik study (Age, Gene/Environment Susceptibility Reykjavik Study) has investigated the contributions of environmental factors, genetic susceptibility and gene-environment interactions to ageing of the neurocognitive, cardiovascular, musculoskeletal, body composition and metabolic systems in population with high life-expectancy [14] . The AGES-Reykjavik cohort was recruited from survivors of the Reykjavik Study. Data collection on the original Reykjavik Study cohort dates back to 1967 and there have been two waves of data collection for the AGES-Reykjavik studies, separated by 5 years (AGES-Reykjavik in 2002-06 and the AGESII-Reykjavik study in . In this wellcharacterised population, the goals of this study are: (i) to assess free-living PA patterns in a subsample in the AGESII-Reykjavik study with accelerometers; (ii) to investigate the features of PA and sedentary patterns in the same study with respect to age, sex and body mass index (BMI). This study is, to our knowledge, the first one to objectively measure PA using accelerometry in a large, well characterised cohort of older people living north of 60°northern latitude.
Methods

Participants and protocol
This study was a part of the AGESII-Reykjavik study which is a follow-up of the AGES-Reykjavik study. Between April 2009 and June 2010, objective PA measurement by accelerometers was added to the AGESIIReykjavik study protocol. Details on the study design and the baseline AGES-Reykjavik assessments have been described elsewhere [15] .
During the PA measurement period, 1,194 subjects participated in the AGESII-Reykjavik study (73-98 year old). For the PA measurements, participants (n = 55) were excluded due to cognitive impairment (MMSE <20), as those participants were not expected to be able to reliably wear and use the accelerometer [16] , 95 were excluded for other reasons (e.g. blindness and other physical obstructions), 84 refused and 294 did not participate because of scheduling conflict. The remaining 671 (56.2%) participants received an accelerometer to measure their daily activity. Five monitors were lost and 12 files were unusable because of device failures. The final number was 579 participants who had four or more valid days (≥10 h of wear time) of accelerometry data. The study was approved by the Icelandic National Bioethics Committee (VSN: 00-063), the Icelandic Data Protection Authority, and the institutional review board of the US National Institute on Aging, National Institutes of Health. Signed informed consent was given by all participants.
Measurements and data analysis
Participants were asked to wear the ActiGraph activity monitors (model GT3X ActiGraph, Inc., Pensacola FL, USA) monitor at the right hip for 7 days and to remove the monitor only before going to bed and during showers, bathing or other water activities. Also, participants completed a self-reported questionnaire on swim habits. To explore the general patterns of PA, we only report the data in the vertical axis. Activity intensity categories were defined as: sedentary, low-light intensity, high-light intensity and, moderate to vigorous intensity (see Table 1 for cutpoints). Please see Supplementary data available Age and Ageing online, Appendix S1.
Results
Subject participation
Detailed demographic and anthropometric characteristics of subjects are presented in Table 1 . There were no significant differences between men and women in age and BMI (P = 0.23 and 0.69, respectively) and no difference in total PA (counts × day 
Sex differences
The detailed summary of the PA is shown in Table 1 . Men had 18 min longer average daily wear time than women (P = 0.024). While the average PA level during the valid days among participants varied widely (9,300-400,000 total PA (counts × day )), men had slightly higher average PA than women (total PA: P = 0.048; wear time PA: P = 0.092). Sedentary time was the largest component of the total wear time (74.5%), followed by low-light PA (21.3%) and MVPA (1%) in the participants as a group. Women spent more time in low to-light PA and less in MVPA compared with men, but had less sedentary time compared with men (all P < 0.001). The average time spent in MVPA per week was 9.9 min/day for men and 5.0 min/day for women.
Age differences
In both men and women, except for sedentary time, the PA variables total PA, wear time PA, low-light PA, high-light PA and MVPA decreased progressively with advancing age (Table 1 ). In the <75 years age group, 60% of men and 34% of women had at least one bout ≥10 min of MVPA (MVPA10+) during PA measurements ( Figure 1 ). This proportion declined with age, and only 9% of the women and 25% of men in the >85-year age group had at least one bout of MVPA10+.
BMI differences
Except for sedentary time, BMI was negatively related to all PA variables. Furthermore, multiple linear regression analysis, using BMI and age as continuous variables, showed that the association of BMI and the PA parameters was independent of age and gender (Table 1 ). The proportion of subjects having at least one bout of MVPA10+ during PA measurements also declined with an increasing BMI (Figure 1 ).
Average daily PA patterns
Within an average day, the majority of the PA occurred during the hours between 8 a.m. and midnight (Figure 2) . In all age groups, there was a significant (P < 0.001) sex difference in within-day PA variation. Post hoc analysis (Bonferroni) indicated that men were more physically active than women between both 4 a.m.-8 a.m. and 8 a.m.-noon, Also, there was a significant difference in within-day PA variation and age groups (P < 0.001), which is explained by more decline in PA with increasing age during the day than during the night. Further examination showed the relative decline in PA with age to be very similar for all day hexiles, except for the midnight-4 a.m. hexile that show relatively more decline in PA with age than the other day hexiles.
Day of week effects
There was a significant difference in activity by day of the week when adjusted for difference between subjects (P < 0.001). Participants were significantly less active on Sundays (total PA 98 × 10 3 counts × day
) compared with other days of the week (114 × 10 3 counts × day −1 ; TukeyHSD: P < 0.001). Saturdays also had less activity than Wednesdays and Thursdays. Age and gender distribution of valid accelerometer data was the same for all days of the week.
Self-reported swim habits
About quarter of all participants reported swimming as an exercise, both during summer and winter, but of those who swim, only 25% swim for >30 min each time. Those who reported swimming as an exercise, also had more total PA and wear time PA (total PA: 121 × 10 3 counts × day −1 for swimmers vs. 91 × 10 3 counts × day −1 for non-swimmers; P < 0.001). Men used swimming more as an exercise compared with women, both during summer and winter (Chi-Square: P < 0.001). There was no age group difference in using swimming as an exercise during the winter (P = 0.069), but an age group difference was present during the summer (P = 0.013).
Discussion
The main finding of this study is that older adults spend on average 74.5% of their non-sleeping time as sedentary and 21.3% as low-light activity, indicating that this age Sedentary time, as proportion of wear time, was somewhat higher than has been reported for older populations [17, 18] . Harris et al [19] reported more than twice the total PA than we found (mean age 74 years). Also, average wear time PA has been reported around twice as high than in the present study [2, 20, 21] . Some of these differences may be explained by the older mean age of the participants in our study compared with the others. However, Davis and Fox [22] studied a group of older adults with a similar mean age and reported an average wear time PA intensity that was twice as high as that found here. In a recent study, PA was considerably higher in all age groups, except for the oldest group [23] . MVPA accumulated in our cohort, is only about half what has been previously shown for this age group [18, 22] . Furthermore, relatively fewer participants in our study reach at least one MVPA10+ bout per day as has been reported before [22] .
Our results indicate that most older adults fail to meet general recommendations for PA, i.e. 30 min of MVPA each day [9, 24] . Older individuals find it difficult to take part and maintain MVPA [25, 26] . Therefore, more frequent periods of rest between bouts might be required for them to accumulate enough PA to meet recommendations. As . f Of the 579 participants, 25 (4.3%) had zero minutes of MVPA, 10 (4.5%) men and 15 (4.2%) women. *Significant difference between genders (P < 0.05). **Significant correlation with age, adjusted for BMI and gender (multiple linear regression). ***Significant correlation with BMI, adjusted for age and gender (multiple linear regression). Figure 1 . Proportion (SEp) of subjects with more than one MVPA10+ bouts by age groups and gender (n = 579; men = 221, women = 358) and by BMI categories and gender (n = 577; men = 220, women = 357).
Buman et al. [18] pointed out, it may be more realistic to focus the recommendations for older individuals on replacing sedentary behaviour by high-light PA rather than on accumulating MVPA. In our study, men accumulate 29 min of high-light PA each day on average and women 27 min.
The low PA level in our cohort can possibly be explained by several factors. It may be partly counterbalanced by swimming activity as a quarter of our cohort reported swimming as an exercise. Also, we have not taken into account seasonal effects. The summer is shorter in Iceland compared with the summer season of locations of comparable studies. Data in our study were accumulated from April to June with a summer-break in July, and then from August to June of the next year. Part of the free-living summer activity was missed. The reason that older adults accumulate low amount of MVPA in our and other studies [18, 22, 23] may also be due to the fact that cut-points were not adjusted according to individual aerobic fitness as should be done according to the recommendations [9, 24] . Factors such as illness and worse physical health may explain some of this reduced activity in older adults. The lack of social support and encouragement from family is an important factor, but fear of getting injured and moving outdoors is common [27, 28] . Icelandic winters can be cold, windy-and icy, so easy access to facilities is important and should be provided. PA pattern earlier in life can also be an indicator of later life activity [29] .
The difference between sex and BMI groups in PA we report here is comparable with other previous population data [17-19, 22, 23] . Also, PA and valid wear time declines with age in both men and women which was similar to existing literature [18, 23] . Sedentary time remains the same for all age groups, which is similar to Davis et al. [23] , except he showed the oldest age group to be most sedentary. Buman et al. [18] showed a decrease with age in low-light PA, high-light PA and MVPA, despite minor differences in how activity categories were defined compared with our definition. Sedentary behaviour in the USA, based on NHANES 2003-04, shows a large change from the age 60-69 to 70-85 age groups, where sedentary time is increased by 87 min/day on average [17] .
Most of the PA in older Icelandic populations occurred from noon till 4 p.m. for both genders and all age groups, except for men in the oldest age group. Others have reported that older persons are active earlier in the day [22, 23] . The difference in the timing of PA could possibly be explained by the fact that Iceland is constantly on daylight saving time. Because of this, the solar noon is 1:30 p.m. in Reykjavik. As the PA in our and the other studies seems to peak around solar noon, the late solar noon in Reykjavik explains at least to some extent different daily pattern of activity in older Icelanders in comparison with the other studies.
The strength of this study is that the findings are based on a well-characterised large-population-based cohort of older Icelandic adults. However, there are some limitations that need to be accounted for when interpreting the results. It is known that accelerometers miss some movement patterns, like upper body movements during activities like weight lifting and heavy carrying. They also have limitations on detecting non-ambulatory activities like cycling [11] . However, in Iceland this kind of activity is not common in this age group. There might also be a problem measuring older individuals with accelerometers, where the quality of Figure 2 . Distribution of PA between day hexiles (4 h periods) for different age groups and sexes. Beside a significant difference in PA between different day hexiles (P < 0.001), ANOVA for repeated measures (on square root transformed data) showed significant interactions of the within-day distribution of PA with both gender (P < 0.001) and age groups (P < 0.001); three-way interactions were nonsignificant (P = 0.65). the data depends on participant's compliance [30] . This can be challenging for older persons suffering from some kind of memory loss, but those who were most cognitively impaired were excluded from our study. However, compliance in our study was very high as 86% of the participants had four or more valid days. Overall, the results from this study generally exhibited a low PA level in the population of older Icelanders who live at high latitude with high lifeexpectancy. This contradicts studies that show PA to reduce mortality and extend life expectancy [31] . The reason for high life expectancy in the Icelandic population may be due to a good health-care system, low infant mortality and high fish consumption [14, 32, 33] . Future studies are needed to further investigate how PA is related to health outcomes and other risk factors of health in this unique population.
Key points
• Very low level of PA in older population who live at high latitude with high life-expectancy.
• PA declines with increasing age and BMI.
• Women spent more time in low-light activity than men, where men had more moderate activity than women.
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